A PCR-RFLP assay for genotyping at the mouse leptin receptor (LeprIbl mutation site was developed using modified primers. The first modified primer creates an Acel restriction site in the mutant Lepj1b allele to distinguish between the Lepr db and Lepr+ alleles whereas the second modified primer creates another Acel site in both alleles to serve as a control for restriction enzyme digestion. The assay is robust and works efficiently on unpurified lysates of mouse tissues and can be applied at any age of the animal. The assay may be used as a diagI!ostic tool for maintenance of stocks, introgression or other types of crosses involving the L db • epr mutatIOn.
A recessive mutation in the leptin receptor gene (Lep~b) is one of five single gene mutations that cause extreme obesity in the mouse (Leibel et al. 1997) . Animals homozygous for this mutation are sterile and therefore animals heterozygous for Lep~b have to be used for maintenance of the mutant stocks, introgression of this mutation into different genetic backgrounds or other genetic crosses. To facilitate identification of heterozygotes, a breeding scheme has been developed (Coleman & Hummel 1975) by incorporating a closely linked mutant gene misty (m) into the stocks carrying the Lepr db mutation. The misty mutation was introduced in repulsion phase with Lepr db which allows determination of genotypes on the basis of phenotypes at around 3 to 4 weeks of age (e.g. heterozygotes used for further breeding are lean black mice which are Lep~b+/Lepr+m).
A disadvantage of this
Correspondence to: L. Biinger. Tel: 44 (0)131 6505442; Fax: 44 (0)131 6673210; approach is that genotyping at Lepi b cannot be done before 3 to 4 weeks of age and populations segregating Lepr db have to contain misty gene to serve as a marker for Lepr db genotypes. When studying growth traits associated with Lepr db genotypes, the presence of a linked misty mutation is not desir.able because of the effects the misty mutation itself has on growth and fatness traits (Truett et al. 1998) . Therefore, a direct assay to genotype at Lepr db would be required to study the effects of Lep~b genotypes in the absence of the linked misty mutation and to apply it at any age of the animal. Given that the molecular defect for Lep~b mutation has recently been characterized (G to T transversion, Chen et al. 1996 , Chua et al. 1996 , Lee et ai. 1996 , an alternative method to genotype at Lepr db would be a molecular assay that tests directly for this base change. A simple and efficient assay for this mutation could be a polymerase chain reaction (PCR)-based assay employing a restriction fragment length polymorphism Accepted 17 March 1999 © Laboratory Animals Ltd. Laboratory Animals (1999) 33, 380-384 peR -RFLP assay for the mouse Lep,J:Jb mutation (RFLPIcreated by the mutation. However, the sequence around the mutation site in both the wild type (EMBLAccession number U42467j and mutant mice (T instead of G at base 2835 in EMBLAccession number U42467) does not contain restriction enzyme recognition sites. We applied the approach described by Walker and Truett (1997) to create restriction sites with modified PCR primers. This PCR -RFLP assay for the Lepr db mutation can be used as an efficient diagnostic tool in crosses, introgression experiments or maintenance of stocks.
Materials and methods

Animal husbandry
Mice heterozygous for the Lepr db mutation (C57BL/KsOla-Hsd-Lep~b/ Lepr+, Harlan OLAC Ltd, axon, UKl and lines selected for high-fat IF-line) or low-fat (L-line) content (Bunger & Hill 1997) were used. Animals were maintained in conventional facilities at 21± 1°C and with a relative humidity of 50% ± 10% and a total air renovation at a rate of 15-18 times per hour. The automated dark light cycle was of 12h (lights on 07:00-19:00 h). Mice were fed ad libitum Rat and Mouse No.3 diet (digestible crude oil: 3.9%; dc protein: 20.9%; starches 27.3%, sugars: 11.2%; d energy: 12.1MJ/kg) from weaning onwards (Special Diet Services, Witham, Essex, UK).
Phenotypic measurements
Several phenotypic measurements were taken of male progeny from a I"ep~b/ Lepr+ (C57BLbackground) x Lep~b /Lepr+ (F-line background) cross at 10 weeks of age (Table  1) . A drop of blood was obtained between 11:00 and 13:00 by a quick small incision into the tail using a sharp razor blade, when mice were in a restraint tube and blood glucose concentration was measured by the glucose oxidase method using a One Touch II Glucometer (LifeScan, Buckinghamshire, UKl. For determination of individual's fat percentage, animals were fasted overnight, their body weight (BW)was determined and killed by cervical dislocation. The gonadal fat pads were dissected, weighed and put back 381 into the carcasses. The dry matter (DMj of the individual bodies was determined by freeze drying. Prediction of individual fat% values was by regression on dry matter content (DM/BW) using an equation (Fat% = DM/BW x 113 -30.2) derived by Hastings & Hill (1989) .
Development of modified primers for the Lep~b PCR-RFLP assay
Sixteen bases around the mutation site in the wild type (ATGGAGGGAAACAAAC) and mutant sequence IATGGAGGTAAA-CAAAC) were examined by the Wisconsin Sequence Analysis Package (GCG, Genetics Computer Group, Madison, Wisconsin, USA) using a 'map' function and 'mismatch = l' option, which searches for restriction sites by allowing a single base mismatch. Seventeen potential restriction sites that could distinguish the wild type and mutant sequence were identified. An Acel restriction site was selected for more detailed analysis because of our previous positive experience with this enzyme to 'digest PCR reactions and because this enzyme is readily available and relatively inexpensive. A modified primer dbAcc.R (Fig 1) was then developed that creates an Accl site in the Lep~b but not in the Lepr+ allele.
In addition to cutting with Acel at the mutation site, we sought another Accl site in the vicinity of the mutation site that would cut both the wild type and mutant allele to serve as a control for digestion with restriction enzyme. However, using the 'map' function of the GCG program we could not find an AccI site up to 100 bases on either side of the mutation site in either the wild type or mutant sequence. We again employed the option 'mismatch = I' within the 'map' function of the GCG program and found an Acel site (starting at base 2776, EMBL Accession number U42467) created by a second modified primer (dbAcc.F, see Fig 11. peR conditions As a template for the PCR reaction, an earclip tissue from "-'3-week-old animal, digested in 50~l of lysis buffer (Laird et al. 1991 Figure 1 shows the sequence of the wild type Lepr+ We are interested in studying the effects of the Lepr db mutation in the backgrounds of F and L lines which were developed by longterm divergent selection for fat content (Bunger & Hill 1997 . Mice heterozygous for the Lep~b mutation (C57BL/ KsOla-Hsd-Lep~b /Lepr+) were crossed with mice from both selection lines. The above PCR -RFLP assay was applied to genotype the progeny and select heterozygous animals for the next round of backcrossing. We are now in the fourth round of backcrossing and so far, from each heterozygous parent, Lep~b / Lepr+ and Lepr+ / Lepr+ progeny have been obtained. Summed across the litters and four generations, a total of 77 Lepr db /Lepr+ and 73 Lepr+ / Lepr+ progeny have been 383 recorded. To test if this ratio was consistent with the expected Mendelian ratio of 1 : 1 for Lep~b / Lepr+ and Lepr+ / Lepr+ genotypic frequencies, a Chi-square analysis was performed. No significant deviation (P=O.741 from the expected ratio of 1 : 1 was observed suggesting that our assay reliably determines the genotype at Lep/b. To provide further evidence that the PCR -RFLP assay correctly determines the genotype, we performed a cross between animals genotyped as Lep~b / Lepr+ by our assay. If the two parents were correctly genotyped as Lep~b / Lepr+ , then obese progeny (Lepr db / Lep~b ) as well as wild type Lepr+ /Lepr+ and Lep~b /Lepr+l should be obtained from such a cross. As shown in Table I , the two male progeny genotyped as Lepr db / Lep~b developed the expected ob.ese phenotype as demonstrated by the body weight, gonadal fat pad and plasma glucose measurements. These results suggest that the PCR -RFLP assay can accurately determine the genotypes at the Lepr db mutation site. 
Results
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Discussion
We demonstrate a simple and reliable PCR-RFLP assay for genotyping at Lep~b. The approach of using modified primers applied here has been described by Walker and Truett (19971for the PCR-RFLP assay of the obesity mutation Cpe fat . However, this assay does not allow a positive detection of each genotype within the same assay because one of the genotypes is scored as a non-digested PCR product. We developed modified primers by utilizing the option 'mismatch' within the 'map' function of the GCG software to create two restriction sites, one serving to distinguish between the mutant and the wild type Lepr allele and the other serving as a digestion control site for both alleles. Our assay is robust, and works well directly on unpurified lysates of mouse ear-clip tissues, allowing for efficient digestion of PCR products by adding the enzyme mix directly to the peR reaction and uses simple agarose electrophoresis for separating digested PCR products. The assay may therefore be useful where large number of samples need to be processed quickly and efficiently such as in animal husbandry, and in introgression or other types of crosses involving the Lep~b mutation.
